Abstract
Introduction
Postoperative sore throat is a common complaint and an uncomfortable side effect in patients receiving general anesthesia with endotracheal intubation, with a reported incidence of 15-90% (1) (2) (3) (4) . Postoperative sore throat could be a symptom of potentially dangerous complications such as hypertension, cardiac dysrhythmia, myocardial ischemia, surgical bleeding, bronchospasm, increased intraocular, or intracranial pressure (5, 6) .
The following factors result in a sore throat due to irritation and inflammation of the airway (4); trauma to the pharyngolaryngeal mucosa (7) , cuff design, contact of the tracheal tube with vocal cords, cuff form, pressure-induced tracheal mucosal capillary hypo perfusion (8) , and pressure over the posterior pharyngeal wall resulting in edema and mucosal lesions (9) .
Several interventions prevent postoperative sore throat, such as use of endotracheal tubes of smaller sizes (9) , lower intra-cuff pressure (10, 11) , use of steroid-coated tubes (13), application of topical lidocaine (12) , and inhalation of steroids postoperatively (14) .
Recently, postoperative administration of the potent corticosteroid IV dexamethasone has been confirmed to offer analgesic and anti-inflammatory effects and an antiemetic action (15) . This intervention reduced the incidence and severity of postoperative sore throat in patients receiving general anesthesia with endotracheal intubation (16) . Its prophylactic use significantly decreased the incidence and severity of sore throat after tracheal extubation (17) .
The anti-inflammatory role of steroids has been demonstrated in previous studies (3, 9) . The application of betamethasone gel, therefore, to the tracheal tube might reduce the incidence of postoperative sore throat, cough, and hoarseness (4, 18) . It has been proved that applying local anesthetic jelly due limits potential damage to the tracheal mucosa because its lubricating properties suppress bucking on the tracheal tube (19) .
This study aimed to evaluate the incidence of postoperative sore throat when betamethasone gel is applied to the tracheal tube. Previous small studies compared betamethasone gel and placebo groups (4, 18) , or betamethasone gel and lidocaine (20) . Therefore, we decided to compare the incidence of sore throat following application of betamethasone gel to the tracheal tube against IV dexamethasone and standard saline as the control groups in a randomized controlled trial study.
Materials and Methods
The study was initiated following approval from the Institutional Ethics Committee of Mashhad University of Medical Sciences. Signed informed consent was provided by all patients. A total of 225 patients with American Society of Anesthesiologist (ASA) values varying between I and II were enrolled. All patients were aged between 20-45 years and were scheduled for elective abdominal surgery with tracheal intubation under general anesthesia.
Patients with a positive history of cardiorespiratory or cerebro-vascular disease; a background of chronic allergic diseases; pulmonary diseases such as asthma; gastroesophageal reflux; renal or hepatic failure; hyper-or hypothyroidism; hypertension; preoperative sore throat; preoperative analgesic and anti-inflammatory drugs; substance addiction; beta-blocker users; and patients under 20 years old were all excluded. In addition, more than two attempts at intubation, use of nasogastric tube or throat packs during surgery, upper respiratory tract infection, steroid therapy, and pregnancy were exclusion criteria. Pre-anesthesia evaluation was performed and then selected participants were divided into three groups with 75 patients in each group using a standard randomization method.  Group one: Betamethasone group (i.e. 0.05% betamethasone gel applied over the tracheal tube).  Group two: IV dexamethasone  Group three: Control group (i.e.standard saline applied over the tracheal tube). All subjects were pre-medicated with IV midazolame (40 µ/kg/ before intubation), and routine monitoring was used for all patients, including non-invasive blood pressure (NIBP), pulse oximetry, electrocardiography (ECG) and capnography. Induction of anesthesia was performed by fentanyl (3-4 µg/kg) Propofol (2mg/kg) was administered over 30 s followed by IV atracarium (0.5mg/kg). Intubation was performed by a single expert anesthesiologist using a Macintosh laryngoscope. An appropriate laryngoscope blade was selected for each patient according to the patient's body size (tracheal tube size of 7 mm for women and 8 mm for men). In both groups, anesthesia was maintained by 50% O2 and 50% nitrous oxide, propofol (100 µg/kg/min) and fentanyl (0.0--0.04 µ/kg/min) infusion. The trachea was extubated after deflating the cuff when the patient was fully awake. All patients received oxygen through a facemask after the operation and underwent a similar hydration regimen (serum ringer initiated in all patients before induction with 5 ml/kg before it was continued during the operation based on individual needs).
Assessment of postoperative sore throat was carried out at 1, 6, and 24 hours after surgery by a blinded anesthesiologist using a questionnaire
Statistical analysis
Statistical analysis was performed using SPSS software, version 11.5 (SPSS Inc., Chicago, IL, USA). Patients' characteristics such as heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP) and MAP (Mean Arterial Pressure) were analyzed by analysis of variance (ANOVA)
Numerical data are expressed as mean ± standard deviation (SD) or as proportions of the sample size. Categorical data were analyzed by χ2 test. Statistical significance was considered as P<0.05. Considering the results of a previous study that showed an incidence of 50% for sore throat after lubrication with placebo gel, we calculated that 73 patients would be required in each group to detect a difference of 20% in the incidence, with power of 80% and a=0.05 (20) .
Results
During the study, no patient was excluded from analysis. Patients' characteristics are shown in Table 1 . There was no significant statistical difference between the groups with respect to age or duration of surgery (P>0.05). There was no significant difference between the studied groups in measured hemodynamic indices (SBP, DBP, or HR; P>0.05). In this study we asked the patients in the three groups for sore throat 1 hour, 6 hours and 24 hours after the surgery. The incidence of sore throat was significantly lower in the betamethasone gel group compared with the IV dexamethasone and control groups at 1 h (P=0.05), 6 h (P=0.006), and 24 h (P=0.008) postoperatively (Fig.1) . None of the patients in the betamethasone gel group reported a sore throat 24 h postoperatively.
Bucking after extubation was observed in 14(18.7%), 8(10.7%), and 9(12%) patients in the IV dexamethasone, betamethasone gel, and control group respectively.
The incidence of laryngospasm in the three groups was also determined. We had one case on the IV dexamethasone group, no cases in the betamethasone gel group and four cases in the control group. Statistical analysis showed no difference between the groups. 
Discussion
The major finding of the present study is that applying betamethasone gel is effective in reducing the incidence and severity of postoperative sore throat. The incidence of postoperative sore throat was significantly reduced when betamethasone gel was applied over the tracheal tube compared with the IV dexamethasone or standard saline group. Previous studies showed that the incidence of postoperative sore throat is approximately 6.6% and many factors may influence this incidence (2, 3) .
Recently Epstein demonstrated that prophylactic corticosteroids decrease the risk of upper airway obstruction and probably the need for re-intubation (21) .
Corticosteroids reduce the synthesis of inflammatory mediators by inhibiting cyclooxygenase-2 during inflammation (22) .
They also produce prostaglandins and leukotrienes that inhibit the phospholipase A2 through production of calcium-dependent phospholipid-binding proteins called annexins (23) . Therefore the role of IV dexamethasone in reducing sore throat and cough has been previously proved by different studies (15) (16) (17) . Previous studies by Ayoub et al and Selvaraj et al compared betamethasone gel against a control (4, 18) . They reported the beneficial effects of the steroid gel when applied to all portions of the tube that come into contact with the posterior pharyngeal wall, vocal cords, and trachea, and not just to the tip and cuff of the tracheal tube.
Sumathi et al evaluated the application of betamethasone gel on the tracheal tube and compared it to lidocaine jelly in reducing postoperative sore throat (20) . These patients underwent elective surgeries under general anesthesia and had no record of bucking on the tracheal tube at the time of extubation. The authors concluded that widespread application of betamethasone gel on the tracheal tube decreases the incidence and severity of postoperative sore throat.
Our findings confirmed the results of previous studies, proving that the widespread application of betamethasone gel significantly reduces the incidence of postoperative sore throat. We opted for a different study design by selecting a larger sample size and added a control group in addition to the IV dexamethasone group. We also considered the extubation protocol in the different groups and recorded the incidence of bucking on the tracheal tube at the time of extubation. Our results showed a lower incidence of bucking at the extubation time for betamethasone gel groupcompared with the control and IV dexamethasone groups.
Found a significantly lower incidence of sore throat in the betamethasone group compared with the IV dexamethasone group in the first, 6 th , and 24 th hours postoperatively. We also showed that betamethasone gel was more effective in preventing sore throat incidence and severity in the 24 th hours postoperatively. It can be concluded that Betamethasone(Gel) Control betamethasone gel had preventive effects on sore throat and needed a 24our period to manifest itself. This result was previously confirmed by Kazemi and Amini (10), as they considered betametha-sone gel in reducing sore throat, cough, and hoarseness after laryngo-tracheal intubation, However, this study had a smaller sample size (50 patients) and compared betametha-sone gel with placebo gel, 1 and 24 hours after extubation only.
Conclusions
We conclude that betamethasone gel applied over the tracheal tube effectively mitigates postoperative sore throat compared with IV dexamethasone application.
